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ABSTRACT. This paper reviews the current state of knowledge regarding 
variation in interactions between Cucurbitaceae and Pseudoperonospora 
cubensis as a backdrop for the development and use of systems to characterize 
pathogenicity at the individual and population levels. Host-parasite specificity 
and interactions between Cucurbitaceae and P. cubensis exhibit significant 
variation on both the individual and population level. However, our 
phytopathological and genetic knowledge of the interactions between individual 
P. cubensis isolates and a broad range of accessions of most important genera of 
cultivated cucurbits (e.g., Cucumis, Cucurbita, Citrullus) remains limited. 
Recently, an improved differential set of cucurbit accessions was developed to 
characterize pathogenic variability (pathotypes) among P. cubensis isolates 
(Lebeda and Widrlechner, 2003). That set included 12 genotypes from six 
genera (Benincasa, Citrullus, Cucumis, Cucurbita, Lagenaria, and Luffa) and is 
now being used for pathotype differenatiation. Nevertheless, we have reasons to 
believe that these differentials are incomplete. Data on patterns of pathogenic 
variation are available only for certain countries (e.g., the Czech Republic, 
India, Israel, Japan, and the USA), but even those studies are typically based on 
individual isolates, not populations. Some highlights and future trends 
regarding the development of new differential sets are suggested. For example, 
recent research in the Czech Republic demonstrated how data at the population 
level can contribute to elucidating temporal and spatial pathogen distribution 
and dynamics, as well as to clarifying host-pathogen interactions. It is also 
important to consider the practical application of these data in resistance 
breeding and disease management. We conclude by proposing some ideas to 
promote research and collaboration on these topics. 
This research was supported by grants MSM 6198959215 and MSM 153100010, QD 
1357; and by the National Programme ofGenepool Conservation of Microorganisms 
and Small Animals of Economic Importance of the Czech Republic. The assistance 
of Dr. Charles Block in locating references is much appreciated. 
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P eudoperonospora cubensis (cucurbit downy mildew) is one of ', he most important foliar pathogens infecting cucurbits (Palti and Cohen, 1980; Thomas, 1996; Lebeda and Widrlechner, 
2003). It is widely distributed throughout the world and can inflict 
major production losses in both open-field and protected culture 
(Lebeda and Widrlechner, 2004). 
There are about 60 cucurbit species known as hosts of P. cubensis 
(Palti and Cohen, 1980; Lebeda, 1990, 1992a, 1999; Lebeda and 
Widrlechner, 2003). However, most of the published information on 
its host range and specificity originates from Asia and the USA (Bains 
and Sharma, 1986; Cohen et al., 2003; Thomas et al., 1987), with 
relatively little information obtained from Europe (Lebeda, 1999; 
Lebeda and Gadasova, 2002; Lebeda and Urban, 2004a,b, 2006) or 
other parts of the world. Although our understanding of intraspecific 
variation and genetics in the Cucurbitaceae -Pseudoperonospora 
cubensis pathosystem is rather limited, given the damage that this 
pathogen can cause, it is extremely important from both the theoretical 
and practical perspe9tives (Lebeda and Widrlechner, 2003, 2004). This 
information is crucial to the development of effective differential sets 
of Cucurbitaceae for the characterization of P. cubensis variability 
(Lebeda and Widrlechner, 2003). 
Pseudoperonospora cubensis is characterized by large variation in 
pathogenicity, which was recently reviewed by Lebeda and 
Widrlechner (2003). Pathogenicity of P. cubensis, on the basis of 
individual isolates, has been characterized in India (Bains and Sharma, 
1986), Israel (Cohen et al., 2003; Thomas et al., 1987), Japan and the 
USA (Thomas et al., 1987), and recently in the Czech Republic 
(Lebeda, 1991, 1999; Lebeda and Gadasova, 2002; Lebeda and Urban, 
2004a,b, 2006), leaving much of its geographic range unstudied. These 
studies solely defined pathotypes (Lebeda and Widrlechner, 2003), not 
races. The main reason for this situation is the lack of differentials to 
distinguish among races on the most important Cucurbitaceae host 
taxa (e.g., Cucumis, Cucurbita, Citrullus). Recently, the first detailed 
studies to focus on the variation and dynamics of pathogenicity of P. 
cubensis at the population level were conducted in the Czech Republic 
(Lebeda and Urban, 2004a,b, 2006). However, comparable studies are 
needed from other parts of Europe, the USA, and Asia. 
The aims of this paper are to review and critically consider the 
current state of knowledge on host-parasite (Cucurbitaceae-P. 
cubensis) specificity and interactions and to suggest future directions 
for basic and applied research in this area. Our primary focus is on the 
characterization and differentiation of P. cubensis pathogenic 
variability, at both the pathotype and race level. 
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General Aspects of Host-Pathogen Specificity and 
Variation from the Viewpoint of Characterization of 
P. cubensis Pathogenicity 
In host plant-downy mildew interactions, there is often a very clear 
expression of reaction, i.e., susceptibility ( +) or resistance (-). This 
binary system can serve as a simple classification system for 
pathotypes or races, based on the reaction patterns of differential host 
genera, species, and/or genotypes (Lebeda and Jendrulek, 1987). Each 
differential-host genotype may differ by presence of resistance alleles, 
which interact with corresponding pathogen avirulence genes. In 
investigating downy mildew pathogenic variability, the following 
issues are of importance (Lebeda & Schwinn, 1994): (1) Pathogen and 
host phenotype~s (host range, virulence, and specificity); (2) pathogen 
and host genetics; and (3) genetic models to explain host-pathogen 
interactions. 
The most recent review of P. cubensis variation and its 
Cucurbitaceae host genera was presented by Lebeda and Widrlechner 
(2003). Data presented therein clearly demonstrated the existence of 
distinct physiological forms of P. cubensis, i.e., pathotypes and races 
(Table 1 ). On the basis of an initial set of differentials (Thomas et al., 
1987; Table 2) and new experimental data, the authors develepod an 
improved set of Cucurbitaceae differentials for more detailed 
determination of pathotypes (Table 3), including the creation of a 
tetrade coding system for precise pathotype description (Table 4) 
(Lebeda and Widrlechner, 2003). That review also outlined the most 
important reasons for a more detailed examination of host and 
pathogen variation from the viewpoint of development of specific 
differential sets for P. cubensis. 
Host-Plant Resistance Variation and Possibilities 
for the Development of Race Differential Sets for 
the Determination of P. cubensis 
There are at least three candidate genera (Cucumis, Cucurbita, and 
Citrullus) for the development of differential sets for race 
differentiation of P. cubensis. All these genera are known as natural 
hosts of P. cubensis (Lebeda and Widrlechner, 2003; Palti and Cohen, 
1980). 
CucUMis. The genus Cucu111is is rather diverse, encompassing 32 
species (Kirkbride, 1993). Of these, in addition to the two 
economically important species, cucumber ( C. sativus L.) and melon 
( C. melo L. ), two additional species, C. anguria L. ("West Indian 
gherkin") and C. metuliferus E. Meyer ex Naudin ("African homed 
cucumber" or ''jelly melon"), are also commercially exploited for fruit 
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~; ,Morton, 1987). Other wild 
species originating mostl ·• o "mffand/or semi-arid regions of Africa 
are cultivated as ornamental plants, e.g., C. dipsaceus Ehrenberg ex 
Spach ("hedgehog gourd") and C. myriocarpus Naudin ("goosebeny 
gourd") (Kirkbride, 1993). A comprehensive review ofrecent 
knowledge about Cucumis germplasm and its genetic variation can be 
consulted for more information (Lebeda et al., 2006). 
Table 1. Survey of data on the occurrence of pathotype- and race-
specificity in interactions between key Cucurbitaceae host genera and 
P. cubensis. 
Host-
parasite 
s~ecificity Pathotype Race 
Data Data 
Hosttaxon availability References availability References 
Cu cum is 3-6,8,9,12, 1, 4-6,8,9,11-
sativus -? 13 -? 13,14 
Cucumis 2,3,5,6,9,12, 
melo + 2,3,5,6, 7,12, 13 + 13 
Cucumis 
spp. + 3,5,9 -? 3,5,9 
Cucurbita 
pepo + 6,7,9,10,12,13 + 6,7,9,10,12,13 
Cucurbita 
maxima + 6,9,10,13 + 6,9,10,13 
Cucurbita 
foetidissima + 10 + 10 
Cucurbita 
spp. + 15 + 15 
Citrullus 
lanatus + 6,9,12,13 + 6,9,12,13 
- = pathotype- or race-specificity absent; + = pathotype- or race-specificity present; 
? = data not available or confirmed. 
References (for full references see Literature Cited): 
(1) Horejsi et al. (2000); (2) Lebeda (1991); (3) Lebeda (1992a); (4) Lebeda (1992b); 
(5) Lebeda (1999); (6) Lebeda and Gadasova (2002); (7) Lebeda and Kristkova 
(1993, 2000); (8) Lebeda and Prasil (1994); (9) Lebeda and Widrlechner (2003); (10) 
Lebeda and Widrlechner (2004); (11) Shetty et al. (2002); (12) Thomas (1982); (13) 
Thomas et al. (1987); (14) Wehner and Shetty (1997); (15) Wessel-Beaver (1993). 
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Critical analysis of the scientific literature demonstrated (Lebeda 
and Widrlechner, 2003) that available C. sativus germplasm accessions 
and recent commercial cucumber cultivars do not possess effective 
sources of resistance, and experimentally verified, race-specific 
interactions are unknown. It was concluded that C. sativus genotypes 
could be used in differential sets only as a susceptible control (Tables 
1-3). Nevertheless, it was suggested to continue investigations of this 
host-parasite interaction because there may still be opportunities to 
discover race-specific resistance in this species (Lebeda and 
Widrlechner, 2003). 
The natural range of C. melo has yet to be determined conclusively 
(Lebeda et al., 2006). Prior to its domestication, it may have been 
limited to Africa or may have reached the Near East or perhaps farther 
east into Asia (Bates and Robinson, 1995). The center of diversity and 
perhaps of the origin of the principal melons of world commerce (i.e., 
the C. melo lnodorus and Cantalupensis groups) is located in the Near 
East and adjacent central Asian regions (Jeffrey, 1980). In contrast to 
C. sativus, recent reports characterize C. melo as displaying 
considerable intraspecific variation at various levels, i.e., 
morphological, resistance, genetic, and molecular (Pitrat et al., 2000; 
Stepansky et al., 1999). Cucumis melo is the only species in the genus 
where the phenomenon of pathotype- and race-specificity of P. 
cubensis is relatively well known (Lebeda and Widrlechner, 2003). 
Recent, more detailed research on about 100 accessions of C. me lo 
maintained in the US National Plant Germplasm System's collection 
held at the USDA-ARS North Central Regional Plant Introduction 
Station in Ames, Iowa, is yielding new information on host-pathogen 
interactions (i.e., identifying various and unknown pathotype-specific 
reaction patterns) (Lebeda and Widrlechner, unpublished data). 
Among the 100 accessions, susceptible responses were most 
common, but there were also very clear and diverse race-specific 
reaction patterns!, giving an opportunity for the development of a 
differential set composed solely of C. melo accessions, resembling the 
system developed for race differentiation of cucurbit powdery mildew 
(Bardin et al., 1999; Mccreight, 2006; Pitrat et al., 1998). 
Beyond the cultivated Cucumis species, there are about 30 wild 
Cucumis species, mostly native to Africa (Kirkbride, 1993). However, 
Lebeda and Widrlechner (2003) concluded that wild Cucumis species 
are unlikely to haveplayed an important role in the differentiation of P. 
cubensis pathotypes and races. More research is needed in this area. 
CUCURBITA. The genus Cucurbita is native exclusively to the New 
World, but has been widely cultivated in the Old World since the 
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1500s (Paris, 1989, 2001 a,b ). It is not closely related to other cucurbit 
genera (Merrick, 1995). 
The genus is now thought to consist of between 12 and 15 species, 
with 5 regularly cultivated (Lira-Saade, 1995; Sanjur et al., 2002). The 
current state of knowledge about the origin, evolution, a~d genetic 
variation of domesticated Cucurbita species was recently reviewed 
(Lebeda et al., 2006). 
Host-parasite specificity among Cucurbita species and various P. 
cubensis isolates is a complex phenomenon deserving closer analysis 
(Lebeda and Kfistkova, 1993; Lebeda and Widrlechner, 2003). To 
date, fairly limited evaluation of Cucurbita species for resistance to P. 
cubensis has been conducted (Lebeda and Widrlechner, 2003, 2004). 
Only a few papers describing the variation of interactions between 
Cucurbita spp. and P. cubensis, and their specificity, are available. An 
evaluation of the responses of 60 cultivars of C. pepo to three 
pathotypes of P. cubensis suggested that host-parasite specificity was 
controlled by race-specific resistance factors (Lebeda and Kfistkova, 
1993) . . 
Table 2. Differential set of Cucurbitaceae and differentiation of P. 
cubensis pathotypes (adapted from Thomas et al., 1987). 
Groups of P. cubensis isolates (country) 
Host plant Cl C2 
differential taxon (Japan) (Japan) 
Cucumis sativus + + 
C. melo var. 
reticulatus* + + 
C. melo var. 
conomon + 
C. melo var. 
acidulus 
Citrullus lanatus 
Ml,M2 
(Japan) 
83,85 
(Israel) 
+ 
+ 
+ 
+ 
c 
(US) 
+ 
+ 
+ 
+ 
+ 
T 
(US) 
+ 
+ 
+ 
+ 
+ 
Cucurbita spp. + 
Pathotype 
designation 1 2 3 4 5 
* also known as C. me/o var. canta/upensis Naudin. ...._ 
- = incompatible to slightly compatible response; + = highly compatible response. 
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Pathotype-specificity has also been described for C. maxima and 
C. moschata (Bains and Sharma, 1986; Thomas et al., 1987). More 
recently, a study was initiated to evaluate a set of wild and weedy 
Cucurbita populations (97 accessions representing 10 species and 14 
taxa), representing a wide phylogenetic cross-section of the genus with 
relationships to all five domesticated species, for their responses to 
diverse P. cubensis pathotypes (altogether 11 isolates representing 9 
pathotypes) (Lebeda and Widrlechner, 2004). That study reported 
extensive variation in the responses of these Cucurbita accessions to 
11 isolates of P. cubensis. In total, 57 different reaction patterns were 
recorded with 13 accessions completely resistant, 12 accessions 
completely susceptible, and 32 accessions expressing pathotype/race-
specific patterns. These data demonstrated that most of the studied 
taxa displayed pathotype- and/or race-specificify. The most variable 
taxa included C. argyrospenna, C. foetidissima, C. okeechobensis, and 
C. pepo (Lebeda and Widrlechner, 2004). The screening of about 50 
accessions of different C. pepo morphotypes for resistance to different 
P. cubensis pathotypes, as a basis for more detailed understanding of 
this host-pathogen interaction, is now underway (Lebeda and Paris, 
unpublished results). Collectively, these data can serve as a strong 
foundation for the future development of an improved differential set 
of Cucurbita spp. for race determination of P. cubensis. 
CITRULLUS. Four species of Citrullus (C. lanatus [syn. C. 
vulgaris], C. colocynthis, C. ecirrhosus, and C. rehmii) have been 
generally recognized (Lebeda et al., 2006). Two species ( C. /anatus 
and C. co/ocynthis) are widely distributed, and the others are restricted 
to the desert regions of Namibia (Jarret and Newman, 2000; Levi et 
al., 2000). Citrullus lanatus and C. co/ocynthis are natural hosts of P. 
cubensis (Palti and Cohen, 1980). The first clear pathotype/race-
specific reaction pattern between Citrullus spp. and P. cubensis was 
identified in C. /anatus (Thomas et al., 1987). This initial report was 
verified by inoculation with some European isolates (Lebeda and 
Gadasova, 2002; Lebeda and Urban, 2004a,b, 2006). Reaction-
specificity has not been identified in other Citrullus species. A broader 
screening of Citrul/us species germplasm collections should be 
conducted to obtain information about patterns of variation for 
resistance (Lebeda and Widrlechner, 2003). 
As noted above, there are at least three candidate groups of 
cucurbitaceous host plants (Cucumis, Cucurbita, and Citrullus) that 
could be used for the development of race differential sets for P. 
cubensis. Of course, to accomplish this end we need more information 
about the phenotypic expression of host-pathogen variation, 
mechanisms responsible for resistance, and their genetic bases. 
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Table 3. Differential set of cuourbittaxa for determination of P. 
cubensis pathotypes (adapted from Lebeda and Widrlechner, 2003). 
Accession Cultivar 
Cucurbitaceae number name 
Dif. Differential 
No. Value Tax on Donor EVIGEZ 
H39- Marketer 
1 1 Cucumis sativus 0121 430 
....... ·····-···· ............... .......................................... . 
. ..................•.........•............. ····················•···················•·································•······· 
C. melo subsp. PI H40- Ananas 
2 2 me lo 
. ..... ... .. ......... .................. ~?~QQ8 1117 ... ..... )'"gqne ·~11.1: 
3 
............................ 
4 
5 
4 
8 
C. melo subsp. 
agrestis var. 
conomon 
C. melo subsp. 
agrestis var. 
acidulous 
Cucurbita pepo 
1 ... ...... ~~~.~P'.P!:?P'? .. ~ 
CUM H40-
23.?/~??4, 0625 ~~J:9.:1:1£1 . 
PI 
200819 
PI 
171622 
H40-
0611 
H42-
0117 Dolmalik 
.............. ··········~ ....................... ~·· .. ····················•······ 
C. pepo subsp. PI H42-
6 2 ............... .... O...Yif.e.r.<!Y.~'. !~f!J!C:L §~4§?7 0130 
7 
8 
9 
IO 
C.pepo var. 
4 ...................... frcz!<!'Ilf!~*. .... . 
PI H42-
532355 0136 
... ................................................................. 
H42-
8 Cucurbita maxima 013 7 Golias 
·························································· .. . ...................................... ·································· ................................................... . 
H37-
1 Citrullus lanatus 0008 Malali 
·····-·-·-···-·········-···· 
H15-
2 Benincasa hispida BEN 485 0001 
H63-
.!) . -···---·- 4 -·-·-·-··_f_lf.ft'Cl. <?YJ~~.<?!L ··-·····--·---······--9.9.}9. ............. ·-- .............. . 
Lagenaria H63-
12 8 siceraria 0009 
EVIGEZ - Czech genebank number. 
*taxonomy of Cucurbita species follows recent correspondence with J.H. Wiersema 
(USDA-ARS, Beltsville, USA). 
**originally described as Cucurbitafratema (Lebeda and Gadasova, 2002). 
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Variatie>P,j; ""f"athogenicity of 
PseudQp.efi'. ·-. snora cubensis 
INDIVIJ>UJ\1LJ,._E\r,EL (PATHOTYPE AND RACE DETERMINATION), 
Variability in pathogenicity (virulence) has been described in several 
downy mildew isolates at the level of pathotype or race (Table 5). 
When there is clear expression of susceptibility or resistance, 
classification of pathotypes and races can be based on the patterns of 
these reactions in differential hosts (for pathotypes, mostly at the 
generic level; for races, mostly at the specific level) (Lebeda and 
Schwinn, 1994). However, when relatively good information on host 
variation for specific resistance is available (i.e., a validated genetic 
model explaining host-pathogen interactions), then there is an 
opportunity to move from solely the taxonomic classification of 
pathogen races to the concept of virulence phenotypes, i.e., presence or 
absence of specific virulence/avirulence factors in individual pathogen 
isolates (Lebeda and Schwinn, 1994). For pathotypes, this translates 
into the presence or absence of specific disease phenotypes for each 
differential genotype (e.g., Table 3). 
We can now describe very precisely the pathogenicity of 
individual isolates as a pathotype (as a unique tetrade code [Lebeda 
and Widrlechner, 2003]) (Table 4) and characterize the structure of 
pathogen population at the individual level (Lebeda and Urban, 
2004a,b, 2006). This approach is more understandable and efficient 
than the previous system ofpathotype description (Cohen et al., 2003; 
Thomas et al., I 987). 
The development of a comparable system for race differentiation is 
clearly needed, at least for Cucumis melo, the most economically 
important Cucurbita species, and Citrullus lanatus. This system can 
serve as a foundation for future developments in resistance breeding 
and the effective deployment of various resistance alleles and loci for 
coordinated control of pathogen populations. Two control strategies 
that could function as models for P. cubensis management are the use 
of carefully selected multilines or cultivar mixtures (Mundt, 2002) and 
the development of cultivars with pyramided resistance alleles (Castro 
et al., 2003), which may be facilitated through advances in marker-
assisted selection (Servin et al., 2004). 
POPULATION STUDIES. The development of differentiation systems 
provides an opportunity for the more exact description of pathotypes 
or races of P. cubensis and is creating the basis for the application of 
population biology and genetic studies, and for comparative 
investigations of virulence variation in distinct pathogen populations 
(Lebeda, 1982). The recent system of description of P. cubensis 
pathotypes (Lebeda and Widrlechner, 2003) is providing a good base 
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Table 4. Examples of differ.ent P. cubensis pathotypes (expressed in 
tetrade codes; see Lebeda and, Widrlechner, 2003) collected in the 
Czech Republic in 2001-2004. 
Level of Year/no. of isolates 
pathogenicity/ 
pathotype 2001 2002 2003 2004 
Low 
pathogenicity 
(PF= 1-4) 
3.0.12. 1 0 0 0 
11.0.8. 1 0 0 0 
Medium 
pathogenicity 
(PF= 5-8) 
15.2.10. 1 5 0 0 
15.10.10. 1 10 0 0 
High 
pathogenicity 
(PF= 9-12) 
15.14.10. 1 8 4 2 
15.14.11. 1 0 11 4 
15.14.14. 4 6 6 3 
15.15.11. 0 0 2 10 
15.15.14. 2 1 6 1 
15.15.15. 1 0 6 2 
PF= pathogenicity factor (for explanation see Population Studies heading). 
for such studies on the level of frequencies of "pathogenicity factors" 
(each hypothetical pathogenicity factor [PF] is able to overcome 
resistance of one differential genotype [see Table 3]). PF frequencies 
(0-100%, or 0.0-1.0) can express very clearly the pathogen population 
structure (Figure 1 ), and their spatial and temporal changes (Lebeda 
and Urban, 2004a,b, 2006). Elaboration of this system on the level of 
races (i.e., specific virulences to specific genotypes of host species), 
could bring a new methodological approach for this plant pathosystem, 
i.e., investigations of the genetic structure of virulence of P. cubensis 
populations. This approach has been very beneficial for practical 
breeding and cultivar use in some other vegetable crops, such as lettuce 
(Lebeda, 1981; Lebeda and Zinkemagel, 2003). 
We are confident that similar benefits could be gained for cucurbit 
breeding and research. Detailed virulence surveys on the local, 
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national, and international levels are very important for elucidating 
pathogen population structure and behaviour (Lebeda, 1982), including 
the understanding of pathogen virulence tactics, strategy, and evolution 
(McDonald and Linde, 2002). 
20 
1 2 3 4 5 6 7 8 9 10 11 12 
Pachogenicity facicr 
02001 
c 2002 
a2003 
•2004 
Fig. 1. Frequency of pathogenicity factors (see Table 3) in P. cubensis popula-
tions in the Czech Republic in the years 2001-2004. 
Table 5. Survey of recent data on the determination of P. cubensis 
pathotypes and races in various countries. 
Pathogenicity 
category Pathotype Race 
Data References Country avail. avail. 
Data References 
China ? +? 10 
Czech Republic + 5,6,7,8,9 + ·5,6,7,8,9 
Bulgaria +? 1 +? 1 
India + 2 +? 2,10 
Israel + 3,11 + 3,11 
Japan + 11 +? 11 
Poland ? +? 10 
USA + 10 + 4,10,11 
Others (FR, NL, SP) * + 6 + 6,8 
- = pathotype or race absent; + = pathotype or race present; ? = data not available or 
not experimentally confirmed; * only one isolate determined. 
References (for full references see Literature Cited): 
(1) Angelov et al. (2000); (2) Bains and Sharma (1986); (3) Cohen et al. (2003); (4) 
Horejsi et al. (2000); (5) Lebeda (1999); (6) Lebeda and Gadasova (2002); (7) 
Lebeda and Urban (2004a,b, 2006); (8) Lebeda and Widrlechner (2003); (9) Lebeda 
and Widrlechner (2004); (10) Shetty et al. (2002); (11) Thomas et al. (1987). 
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:Usions and Recommendations 
In conclusion, most of the summary comments and 
recommendations made by Lebeda and Widrlechner (2003) remain 
timely today: 
1. It is evident that P. cubensis is an extremely variable 
pathogen from the viewpoint of host specificity/pathogenicity 
and virulence. 
2. Pathogenicity must be clearly described, first at the 
pathotype and race levels, and then at the level of virulence 
phenotypes. 
3. To this end, internationally recognized and accepted 
differential host genotypes (at the level of genera and species 
for pathotype differentiation) and differential host lines (at the 
species level within a single genus for race differentiation) 
must be defined, conserved, and made widely available to the 
research and breeding community. 
4. There must be a clear and standardized system for P. 
cubensis pathotype description (now available [Lebeda and 
Widrlechner, 2003]), and for race determination (under 
development for Cucumis melo and Cucurbita spp. [Lebeda et 
al., unpublished]). 
5. Differential host lines for race differentiation must be 
sufficiently genetically characterized (i.e., genetics of race-
specific resistance [race-specific resistance genes and/or 
factors]). 
6. The above-mentioned systems should be incorporated into 
basic research (e.g., host-pathogen interactions, resistance 
mechanisms, population genetic studies, genetics of virulence, 
etc.), and also broadly applied in practical resistance breeding 
of the world''s most important cucurbit crops. 
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